Recent experimental investigations have indicated that commercial NiTi superelastic alloys consist of particles and inclusions which can nucleate micro-voids. Almost no study on the effect of micro-voids has been carried out in the literature. In this study the effect of micro-voids and plasticity on the behaviour of a superelastic NiTi-alloy has been investigated. Axisymmetric unit cell models with different micro-void volume fractions have been analysed subjected to various stress triaxiality states. It is shown that the onset of plasticity is located at the void edge as the maximum stress initially occurs at this position. The finite element results indicate that the existence of micro-voids can reduce the re-centring capabilities in NiTi-alloys and that this effect should be taken into consideration of constitutive equations.
Introduction. There has been a long tradition in investigating the role of nucleation and growth of micro-voids on the behaviour of conventional materials, such as steel and aluminium. Investigations that have lead to important contributions towards understanding and describing material behaviour, e.g. the Gurson model [1] or the work by Koplik and Needleman [2] . However, little is found in the literature on how micro-voids affect the behaviour of shape memory alloys. Investigations have shown that polycrystalline NiTi-alloys may contain second phase particles, such as Ti-Carbides and Ti-oxides [3] . Such inclusions may nucleate micro-voids through de-cohesion at the particle-matrix interface or fracture of the second phase particles. Grain-boundary particles, blocked slip-bands and grain-boundary irregularities, are other examples of micro-void nucleation mechanisms [4] .
Recently, models that take into account plastic deformation have been developed for shape memory alloys. Yan et al. presented a model that combines phase transformation and plasticity in homogenous materials [5] , while Lagoudas et al. have developed a constitutive model that can describe the material degradation at cyclic loading by accounting for the development of transformation induced plastic strains for both dense and porous materials [6,] . In this study the extended Auricchio model [7, 8] , developed by Rebelo et al., which includes plasticity was used [9] .
An axisymmetric unit-cell model, similar to the one introduced by Koplic and Needleman [2] , has been used to investigate the effect of micro-voids on the plastic behaviour of NiTi-alloys. The analyses were conducted using ABAQUS with a UMAT subroutine.
Preliminaries. The axisymmetric unit-cell model is shown in Fig. 1 . R y represents the initial value of the void radius. L 0x is the initial unit-cell radius, while L 0y is the initial height of the unit-cell. P x and P y represents the loads subjected to the unit-cell. The initial void volume fraction, f 0 , is determined from Eq. (1):
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where A and L x are the current unit-cell area and radius, respectively. ρ is the load proportionality factor and is defined as
Further, the equivalent Mises stress in the axisymmetric case can be calculated as
And the hydrostatic stress as
Eqs. (4), (5) and (6) gives the stress triaxiality
The logarithmic strains are given by
where L y is the current unit-cell height. The equivalent strain can be described as
Results and discussion. In this study the focus has been put on an axisymmetric unit-cell containing micro-voids with initial void volume fraction f 0 in the range 0.0 -0.127 subjected to various stress triaxiality levels (T=0.33 -1.33). The stress triaxiality is defined in Eq. (7) . Fig 2a shows the equivalent stress-strain curves for the unit-cell with different initial void volume fractions subjected to uniaxial loading, while Fig. 2b shows the effect of stress triaxiality for a unit-cell with initial void volume fraction f 0 =0.0352. There is a clear indication that the critical stress for forward transformation initiation is affected by both the presence of micro-voids and the stress state. The reduction can be as large as 40 % for the cases analysed (See Fig. 3 ). (The narrow hystereses in Fig. 2b are due to convergence problems in ABAQUS when certain levels of initial void volume fraction and stress triaxiality are combined. The results, however, still depicts the effect of the stress triaxiality on the critical stress for initiation of forward phase transformation, and are therefore included). Yan et al. [5] reported that for shape memory alloys with no, or very small, initial void volume fraction, stress triaxiality has little effect on the critical stress. This is confirmed in this study (See Fig. 3a ). A heterogeneous shape memory alloy will experience in-homogeneous phase transformations. This can explain the strong effect that f 0 and T have on the critical transformation stress. Early initiation of phase transformation close to the micro-void due to stress concentrations, leads to a reduction in the macroscopic stiffness. Increasing triaxiality will lead to early transformation in a larger part of the material, hence; the macroscopic stiffness is further reduced. The same reasoning can be made about the initiation of plastic deformation in the material. From Fig. 2a it can be seen that the homogeneous material (f 0 =0.0) has a pronounced shift in the stress curve as the phase transformation ends and elastic deformation of twinned martensite starts. For the heterogeneous materials (f 0 =0.0013 -0.127) the shift is less pronounced and this effect is enhanced by the initial void volume fraction. The degree of plastic deformation increases with the void size, which leads to a reduction in the macroscopic stiffness. Fig. 4 shows contour plots of the local equivalent plastic strains in three unit-cells with different initial void volume fraction (f 0 =0.0013, f 0 =0.0352, f 0 =0.083). The unit-cells are subjected to uniaxial load and the plots show the local equivalent plastic strains at E e =0.08.
The assumption made by Olsen et al. [3] , that imperfections in the material can be detrimental to the re-centring capabilities of shape memory alloys are supported by the micromechanical analyses made in this study. Due to high stress levels close to the micro-void there will be an early onset of plastic deformation leading to residual strain. This is clearly seen in Fig. 2a where it can be seen that residual strains can reach levels as high as 1 %, depending on the initial void volume fraction. The evolution of the residual strains as a function of initial void volume fraction is shown in Fig. 5 . Summary. The effect of micro-voids and plasticity on the behaviour of superelastic NiTi-alloys has been studied. Micro-voids strongly affect the critical stress for initiation of phase transformation in the alloy; an effect that is enhanced by imposing triaxial loading. Early onset of plastic deformation due to the micro-voids has a detrimental effect on the materials re-centring capabilities. The main conclusion is that micro-voids and stress triaxiality affects the overall behaviour of NiTi-alloys and need to be considered when modelling superelastic behaviour.
